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1 MfTIHfTT fflT TWM ITI 

2 Pi oceae and apparatus for precision scoring a workplace of 

3 variable thickness and/or ahapa In which tha thickness of the 

4 workplace at points along a trace pattern la first determined, and 

5 a variable depth groo v e is thereafter formed by laser scoring which 

6 is controlled in correspondence with the previously determined 

7 thickness values. These values can be determined by ecanning 

8 oppoaite surfaces on the surface of a locating fixture and a 

9 surface of the workplace. Robot manipulators are used for scanning 

10 and acoring, and the power of the laser and/or the trace velocity 

11 are controlled to vary the degree of scaring. The acoring la used 

12 to special advantage for precision preweaker.ing of auto trim pieces 

13 for creating an air bag deployment opening. 
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X gROaa.RCT Pr»gMgg TO HgLATTO XPPLICXTIPM 

2 This application is a continuation-in-part to copending 

3 application U. S. Serial Mo. 08/332,565, filed on October 31, 1994. 



A «ACTg»OPKP 09 CTB 111 V EMTIO* 

5 This invention concerns laser scoring in which a laser bean is 

6 used to score the surface of material, as *ci create a line o£ 

7 preweakening. 

8 It has previously been proposed to create a preweaken J ng of a 

9 trim piece to allow a deployment "door" to be formed by the 

10 pressure of an inflating air bag causing a covering as a layer of 

11 vinyl plastic to rupture in a desired pattern to form an opening 

12 allowing the air bag to deploy into the passenger compartment from 

13 a storage canister behind the trim piece. 

14 This construction is useful for so-called invisible seam 

15 construction installations particularly for passenger side, in 

16 which the location of the air bag is concealed by the absence of 

17 any externally perceptible suggestion of a deployment opening. 

18 The use of the pressure generated by the inflating air bag to 

19 rupture the covering sJcin requires that a precisely controlled 

20 preweakening of the covering be carried out. 

21 The air bag must perform reliably over a wide range of ambient 

22 temperature conditions. The strength a:.d elongation 

23 characteristics of the covering layer, typically of a tough plastic 

24 such as vinyl or leather, JPO, TPE, or TFU, varies considerably 

25 with ambient temperature. If the covering layer presents too much 

26 resistance to rupture", proper deployment of the air bag may not 

27 occur due to the resulting delay in overcoming resistance of the 

28 covering layer. 

29 At the same time, the preweakened covering must retain 

30 sufficient strength sc as to not crack or show the line of 

31 preweakening on the passenger side. 

32 Covering layers, particularly when made of cast plastic, 
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typically are of Irregular thickness due to the inherent lack of 
pracision of the manufacturing process. This variation in 
thickness makes it difficult to execute preweakening by scoring , as 
a scored groove of constant depth will result in an erratic 
preweakening at points along the door pattern since the thickness 
of TJie remaining material will vary. 

This in turn causes erratic air bag performance due to 
variations in the precise Moment when the air bag will burst 

through the covering layer. 

Production in the automotive field involves large numbers of 

parts and such air bag system components should desirably have a 

very low defect rata, i.e., one part per million or less so as to 

fcxs consistent with current standards. 

The object of the present invention is to provide processes 

and apparatus for precision laser scoring of workpieces which are 

of varying thickness. 

5PHMARY Or THE TMVgMTTQM 

This object, as veil as others, which will be understood upon 
a reading of the following specification and claims ere achieved by 
a sensor arrangement which scans the opposite surfaces of a 
workpiece in a predetermined scoring pattern at a selected location 
in order to generate coordinate data t *im which the material 
thickness can be determined at each point along the pattern* 

Corresponding data is stored in a computer memory and a 
control program for a scoring laser is generated in which the 
tracing speed and/or power intensity of the scoring laser beam are 
varied at points along the scoring pattern so as to vary the depth 
of the groove in proportion to the material thickness at each point 
to create a desired (defining a tear seam) thickness of remaining 
material along the pattern to insure a precisely controlled 
prev^akening of the sheet material alone che pattern. 

The groove pattern is scanned after the scoring operation tc 
confirm the thickness of the tear at each point slong the 

pattern. 



1 The prescoring scanning may be carried out: by laser beam 

2 gaging moved relative the workpiece to trace the scoring pattern on 

3 opposite surfaces cf the workpieces to generate coordinate 

4 measurements of the opposite surfaces at each point along the 
3 pattern, from which are derived a record of the material thickness 

6 at each point along the pattern. 

7 Multlaxis robot manipulator devices can be employed to cause 

8 the sensors and/or the scoring lasers to trace the pattern on the 

9 workpiece. The scanning sensors can be mounted to a single robot 

10 so tliat the movement for prescanning, scoring, and post process 

11 inspection is carried out simultaneously in a single station. 

12 These steps can also be carried out by multiple passes or by 

13 separate robot manipulators in two separate stations. 

14 in the two station setup, the workpiece and che fixturing 

15 therefore is shuttled between gaging and scoring stations with 

16 suitable locator sechanisms or reference fiducials employed to 

17 precisely determine the relative workpiece position in each 

18 station. 

19 In one alternative, the workpiece is precisely positioned in 

20 a fixture as by being vacuum held therein- Initially, prescanning 

21 the fixture surface in the scoring pattern is carried out to 

22 develop corresponding data* Subsequently , the workpiece is clamped 

23 in the fixture and scanned in the same trace pattern. The 

24 workpiece thickness along the pattern can then be determined to 

25 develop the laser scoring power/speed control program. 

26 In yet another alternative, the fixture can be scanned in the 

27 predetermine scoring pattern. The scoring laser is then 

28 controllably displaced preferably normal to the workpiece surface 

29 as it is traced along the pattern with the workpiece in place on 

30 the fixture so as to locate the focal point of the laser beatr a 

31 constant distance above the scanned fixture surface. This results 

32 in a variable scoring depth, but a constant thickness of remaining 
33. material since the lrser beam will cut away all material in its 
34 path above its focai point. 
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1 DMCttlPTIOM OF TEE MMmtflB 

2 Figure 1 is a fragmentary, perspective view o! an instrument 

3 panal and air bag davica having a covering which is preweakened by 

4 scoring in a pattarn corresponding to the air bag deployment 

5 opening . 

6 Figure 1A is an enlarged sectional view of a portion of the 

7 instrument panel shown in Figure 1. 

8 Figure IB is a further enlarged view of a portion of the 

9 section shown in Figure 1A. 

10 Figure 2 is a diagrammatic representation of a workpiece 

11 scanning apparatus for developing a record of the workpiece 

12 thickness along a pattern to be scored therein. 

13 Figure 2 A is a diagrammatic representation of laser scoring 

14 apparatus for carrying out the scoring of the workpiece using the 

15 thickness data developed in the prior scanning operation. 

16 Figure 3 is an enlarged diagram of the covering indicating the 

1 7 ma t er ia 1 thi cknes s or oo ve . 

18 Figure 4 depicts a cast covering layer workpiece to be scored. 

19 Figure 4A is a diagrammatic representation of a scanning 

20 apparatus for ar alternative process for determining a thickness 

21 of the workpiece along the scoring pattern, particularly suited for 

22 a cast covering layer. 

23 Figure 4B is a diagrammatic representation of a second stage 

24 scanning apparatus to carry out the alternative process. 

25 Figure 4C is a diagrammatic representation of scoring 

26 apparatus to be used in the alternative method. 

27 Figure 5 is a diagrammatic representation of apparatus for 

28 simultaneously scanning opposite surfaces of a workpiece. 

29 Figure 6 is a diagrammatic representation of apparatus for 

30 carrying out another alternative process for carrying out workpiece 

31 scoring, depicting prescoring scanning of a fixture used to locate 

32 the workpiece. 

33 Figure 6A is a diagrammatic representation of apparatus for 

34 carrying out the process of precision scoring of a workpiece, using 

35 data developed by the apparatus of Figure 5. 

4 
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1 Figure 7 is a perspective view of preferred apparatus for 

2 carrying out the preferred process for precision scoring of a 

3 workpiece, also shown in Figure 7. 

4 Figure 8 is a fragmentary perspective view of a portion of a 

5 robot manipulator showing an alternate configuration* 

6 Figure 9 is a fragmentary perspective view of a portion of a 

7 robot manipulator showing another alternative configuration. 

8 PgTAIlP? PMCRIFTIflB 

9 In the following detailed description, certain specific 

10 terminology will be employed for the sake of clarity and a 

11 particular embodiment described in accordance with the requirements 

12 of 35 USC 112, but it is to be understood that the same is not 

13 intended to be limiting and should not be so construed inasmuch as 
1* tha invention is capable of taking many forms and variations within 

15 the scope of the appended claims. 

16 Referring to the drawings and particularly Figures 1, 1A, and 

17 IB, a portion of an instrument panel 14 is shown along with a 

18 portion of an automotive vehicle 10 having a passenger compartment 

19 12. The instrument panel 14 has a covering 16 which is preweakened 

20 in an H-pattern 18 such as to enable the formation of a pair of 

21 doors 20 and 22, which when open fern a deployment ooening for an 

22 air bag device 24 mounted behind the instrument panel 14 and 

23 aligned with the deployment opening to be formed by opening of the 

24 door panels 20 and 22. 

25 The preweakening pattern 18 is invisible from the passenger 

26 space 12, being defined by a scoring 2 6 on the undersurface of the 

27 covering layer 16 as best seen in Figure IB. The pattern shown is 

28 for a double door deployment opening. A U-^ .aped pattern is 

29 employed for single doors and various patterns including an X- 

30 pattern is contemplated for four door deployment openings* 

31 The deployment opening is created at the scaent of inflation 

32 of the air bag cushion 28, the force exerted by the inflating air 

33 bag cushion on the inside of the door panels 20 and 22 creating a 

34 pressure, such as to cause the covering 16 to rupture in the K- 
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1 pattern 18. This allows an outward hinging of the deployment door 

2 panels 20, 22 and to thereby for* the air bag deployment opening. 

3 Various constructions of the trim pieces, i.e., instrument 

4 panel 14, are known which typically involve o foam layer 30 

5 underlying the covering 16. The covering 16 provides an 

6 aesthetically pleasing surface exposed to view within the passenger 

7 compartment 12. 

8 Other currently utilized trim piece constructions which can be 

9 preweaXened in the same manner are hard plastic, vinyl cladding 

10 over hard plastic, and the above-described sJcin and foam. 

11 As discussed above, the scoring 26 is preferably carried out 

12 so as to achieve a precisely controlled preweaXening. Too shallow 

13 scoring will result in the too high resistance of the covering 

14 layer bursting. The covering 16 is typically of a tough plastic 

15 such as vinyl, so that minor variations in tear seam thickness will 

16 interfere with the proper deployment of the air bag. 

17 If the scoring 26 is too deep, this may result in marring of 

18 the external appearance of the instrument panel 14 or vulnerability 

19 to splitting particularly when subjected to external pressure 

20 exerted by incidental contact with the instrument panel surface, 

21 long-term sun and/ or heat exposure. 

22 Figures 2 and 2A illustrate the basic concept of the process 

23 of precision scoring of the covering 16. The covering 16 may be 

24 formed by a casting process which has a defined shape prior to 

25 being mounted to the remaining components of the instrument panel. 

26 The cast covering 16 workplace is positioned in a suitable 

27 fixture 32 with locating features 34 mating with existing openings 

28 in the covering 16, such as air conditioning duct outlets, 

29 Sensing means is initially utilized to detect the precise 

30 thickness of the covering 16 at points along the scoring pattern 

31 ; 18. The sensing means illustrated diagrammatical ly in Figure 2 is 

32 comprised of a first sensor 36 and a second sensor 38 which 

33 together scan the surface 40 or the skin 16 to be scored as well as 

34 / the opposite surface 42 on the other side of the covering 16. 

35 The sensors 3 6 and 38 may comprise so-called laser 

6 
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1 triangulation tensors which are commercially available. These 

2 sensors are aounted on manipulator devices 44 and 46, which allow 

3 the sensors 36 and 38 to scan the respective surfaces of the 

4 covering 16 in the scoring pattern, while maintaining a 

5 perpendicularity to the surfaces at each point despite the presence 

6 of any curvature or other topographical features of the covering 

7 layer 16 at a particular point along the scoring pattern. The 

8 manipulator devices 44, 46 comprise mechanisms enabling powered 

9 movement along orthogonal axes and tilting of the sensors about 

10 each of these axes. Suitable carriage, way, and swivel mount 

11 structures are indicated, but multiaxis robot devices such as are 

12 commercially available are preferred as described hereinafter. 

13 The sensors 36 and 38 transmit coordinate data to a computer 

14 48. From this coordinate data, the thickness of the covering layer 

15 16 at each point along the scoring pattern 18 may be determined. / 

16 The computer 48 may also be used to operate a motion 

17 controller 50 which causes the manipulator devices 44 and 4 6 to 

18 execute the necessary motions to scan the scoring pattern. 

19 The thickness data so derived is utilized as indicated in 

20 Figure 2A in controlling a scoring laser 52 which is likewise 

21 mounted for manipulation by a manipulator device 54 so as to be j 

22 able to trace the scoring pattern 18 to carry out the scoring of / 

23 the inside surface 40 of the covering layer workpiece 16. A I 

24 suitable motion capability of the manipulator device should be / 

25 provided to allow a distance above the workpiece to be maintained. 1 

26 A suitable motion controller 56 utilized for this purpose is 
2 7 operated by the computer 48 and suitable motion programming as is 

28 used with commercial robot manipulators. 

29 An empirically developed "lookup" table can be provided which 

30 consists of a set of data in which the correlation among a power 

31 density of the scoring laser 52 and the speed of the manipulator 

32 device corresponding depth of groove scoring is listed. This data 

33 is correlated with the thickness data determined in the scanning of 

34 the covering skin workpiece in the scoring pattern 18 so as to 

35 select the power intensity level necessary to remove material to a 

7 



BNS0OCID: <CA__220S284A1_lj> 



1 depth sufficient to leave a desire .r.icJcness of material remaining 

2 after the scoring has been completed at each point along the 

3 scoring pattern 18 at each point. 

4 This is indicated in Figure 3 where the overall thickness t 01 , 

5 t^, t^ determines the depth of the groove t 1# tj, tj at these points 

6 so as to result in a desired remaining material thickness tr t , tr ? , 

7 tr 3 at various points along the trace pattern 18. 

8 The scoring depth may also be controlled by varying the 

9 velocity of movement of the laser beam along the trace pattern 18 

10 with a constant power level, in which case the motion controller 56 

11 creates a varying velocity of movement of the scoring laser 52 as 

12 it traces the pattern along the scoring pattern 18. 

13 Combinations of laser power density and trace velocity are 

14 also a possibility. 

15 Suitable computer software for carrying out such laser control 

16 are available from Servo Robot, Inc. of Boucherville , Quebec, 

17 Canada and who also offers suitable scanning triangulation sensors 

18 such as are contemplated for the first and second sensors 3 6 and 38 

19 indicated and depicted diagrammatical ly in Figure 2. 

20 It is also possible to cause the trace scanning and scoring of 

21 the lasers and sensors by means of optical systems which steer the 

22 laser beams. 

23 Figure 4 indicates a so-called ast covering layer 16 which is 

24 molded within a mold 58 under which process is not carried out 

2 5 under pressure such that considerable variation in the material 

26 thickness of the covering .1 yer 16 is typically encountered. 

27 The covering layer 16 when cast has particular contours. 

28 Figures 4A-4C depict diagrammatical ly a variation of the process 

29 shown in Figures 2 and 2A suited particularly to such cast covering 

3 0 layer workpieces. 

31 A fixture 60 has an inner contour 62 shaped tc receive the ^ 

32 workpiece 16. The contour 62 is initially scanned at che^ 1 

33 particular location of e trace pattern 18 a? org the path of the | 

34 trace pattern such as to develop coordinate electronic signals) 
3 5 corresponding to the coordinates in space of the surface 6 2 of the . 

8 
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.3 fixture 60 at points along the trace pattern 18. 

2 Locating features 64 are provided on the fixture 60. Also 

3 provided is a suitable hold-down such as a vacuum holder defined by 

4 a pattern of holes 66 communicating with a passage 68 connected to 

5 vacuus pump 70 for purposes that will be described hereinafter* 

6 The tracing may be carried out by ti tr iangulation gaging, laser 

7 76 mounted on a motion manipulator device 78 which allows tracing 

8 of the pattern on the surface 62. 

9 The electronic signals* corresponding to the coordinate data 

10 are transmitted to a computer 80 which may also cperate the motion 

11 controller for the manipulator device 78. 

12 The workpiece 16 is then placed in the fixture 60 in a vacuum J 
1? chucking arrangement, which when activated acts to pull the ) 

14 opposite surface 42 of the covering layer 16 firmly against the { 

15 surface 62 of the fixture 60. The scanning laser 76 is then ! 

16 operated to scan the inner surface 40 of the workpiece 16 at points f 

17 along the trace pattern 18, which coordinate data is transmitted in f 

18 the form of electronic .signals to the computer 60 which again may 

19 control the motion controller 82 for the manipulator device 70 

20 using comaercially available software. 

21 Two sets of data corresponding to the fixturt* surface 62 anl 

22 the covering layer surface 40 allow determination of the thickness / 

23 of the covering layer precisely at points along the trace pattern \ 
2< 18, which thickness data is stored in the computer 80. \ 

25 Figure 4C shows a scoring laser 84 caused to trace the same 

26 pattern 18 be means of a manipulator device 35 to carry cut scoring 
of the inner surface 4 0 of the covering layer 16. The depth of the 
groove is controlled by laser controller 66 which in turn receives 

29 commands from the computer 80. Command signals from the computer 

30 80 combine the thickness information for each point along the trace/ 

31 pattern 18 and laser power data contained in a lookup table 8e.{ 

32 Th.\s data may as before correlate the power density of the scoring 
3 3 laser 84 with the depth of groove produced ir. a particular material 

34 of the covering workpiece 16 such as to create a score depth at 

35 each point along the trace pattern 18 calculated to leave a d-r,ired 

9 
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1 remaining thickness of material at *ach point along the trace 

2 pattern on the covaring laymr workplace 16. 

3 As before the computer 8c ^ay be utilized to operate a motion 

4 controller 90 for thm manipulator dmvice 86. Am before, the 

5 computer 80 can also be utilized to operate the motion controller 

6 82 for executing the motion of the scoring lamer 84 mo am to trace 

7 the pattern 18 while maintaining perpendicularity and desired 

8 c pacing above the surface of vorkpimce 16. Thus, combinations of 

9 variations in the power density in the laser beam and the velocity 

10 of the trace movement can be utilized to control th% depth of the 

11 groove scored lrto the surface 40 of the cover layer 16 workpiece. 

12 The vacuum holding insures that the opposite surface 42 of the 

13 covering layer 16 is held in tight contact with the surface 62 of 

14 the fixture £0 such that there is a close correlation in the 

15 thickness as calculated using the coordinate data of the surface 62 

16 and the surface 4 0 of the covering layer 16 , such as to provide 

17 accurate control over the depth of the scoring. 

!8 Figure 5 indicates diagrammatical ly that the sensor:: 36 and 38 

19 can be connected together with a U-shaped structure 61 to be moved 

20 simultaneously. It is noted that the fixture 32 must be slotted 

21 along the trace pattern 18 to allov sensing of the undersurface 42 

2 2 of cover 16. 

23 Figures 6 ^nd 5A illustrate yet another alternative in which ' 

24 the surface 62 of the fixture 60 is sc nned as before by the 1 
*5 scanning laser 76 to generate coordinate data corresponding to the/ 

26 surface 62 at points alone; the trace pattern IB which is/ 

27 transmitted to the computer B0 . 

28 Hovever, rather than power intensity control, the computer 80 / 

29 is utilized to control the motion controller 90 by a 2 axis motion \ 

30 controller 92 which moves the scoring laser 84 vertically along the \ 

31 2 axis so as to maintain the focal point of the laser beam at a ( 

32 fixed distance and perpendicular relative to the surface 62 of the/ 

3 3 fixture with the workplace 16 in position on the fixture 60- \ 

34 Since the laser beam will cut all material above the focal ( 

35 point, the groove will be formed down to the location of the ocal ( 

10 
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1 point: of the beam. If the beam focal point is aaintain*»d a desired 

2 distance, nnd also preferably perpendicular orientation frc Jie 

3 fixture surface 62, a constant thicXness of remaining material will 

4 result. 

5 it should be noted that the particular groove depth and 

6 thickness of the material is a matter for specification by the 

7 product designer, which specification will vary with the air bag 

8 ~y»tam requirements and the material of the covering layer 16, the 

9 geometry of the deployment opening , etc. 

10 Such considerations do not form a part of the present 

11 invention. 

12 Figure 7 shows an actual apparatus and process for scoring a 

13 wor*piece 96, which is depicted as a cast covering layer, which is 

14 placed in a fixture 98 having a locating recess 100 in the 

15 workplace to be received therein. Locating features 102 are also 

16 used, as mentioned above. 

17 a clamping mechanism 104 is also usea to compress the region 

18 of the workplace within which the trace pattern, here indicated as 

19 a U-pattern 106, is located. 

20 The clamp 104 has a U-shaped cutout so as to allow the laser 
2: beam of the sensors and scoring laser generators 112, 116 to access 

22 the surface of the fixture 98 as well as the worJcpiece 96. 

23 A vacuum chucking is in the region of the cutout is enabled by 

24 a aeries of openings or holes 108 connected to a vacuum source to 

25 press the workplace tc the workplace fixture surface 100 in the 

26 regions immediately adjacent the ^race pattern 106. 

27 A first: station indicated in the center of Figure 7 shows a 
2P robot manipulator 110 which mounts a sensing laser generator 112 of 

29 the triangulation type mentioned above which is utilized to; 

30 generate coordinated information at points along the trace pattern \> 

31 106 for both the fixture 98 and ztie workpiece 96 as in the : 

32 arrangement depicted diagrammatical ly in Figures 4A-4C. j 

33 A second Stat ion has a second robot manipulator 114 located to 

34 enable scoring along the trace pattern -.06 of the inner surface of 

35 the vorkpiece 96. The clamping mechanism 10* Is u«:ed to compress 

11 
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1 the legion of the vor)cpiece adjacent the trace pattern, bore 

2 indicated as a O pattern 106. 

3 Vacuus holding of the workplace 96 in cha region of the cutout 

4 is enabled by a pattern of hole* .\08 connected to a vacuua source 

5 to press the workplace to the vorfcpiec* fixture surface 100. 

6 In the regions immediately ad-Jcoeit the trace pattern 106, a 

7 first station indicated in die ccr/ur oC Figure* 7, a robot 

8 Kanipulator 110 is located which Dyui-;^ a sending li*3r generator 

9 112 of the triangul.-.tion t/pe *c ^utinned abo~H, which is utilizer 
10 to g«n<irat«i coordinated ir.ij'nit > on at points along the trace 
3 1 j«attirn 106 for both the fixture 98 *nd th* workplace 96 as in the 

12 arrangement d«pict<*d 4lagr asaa £i~aiiy in Figures 4A-4C. 

13 ^ second aTi ir.ion has a second robot Manipulator 112 located to 

14 enable scoring r.Iong the trace pattern 106 of the irnrr surface of 

15 the wor!cpiece 96 The clamping jtechanisa 134 is not shown in the 

16 robot stations tor <% clearer urderi;tLno ing . 

17 The scoring 1 riser 116 is controlled- to vary the degree of 

18 grooving carried out by the scoring laser bee*. 

IS The vorVpiece *nd fixtures are 9cved downstream to subsequent 

20 ct*tions opposite the first gaging station at whicn the gaging 

21 robot: manipulator 11 'J is relocated far -post process inspection o* 

22 the groove fom^d <*]o:>g the trace patler.i 10C. 

23 The coordinate information corner/ ing the groove can be stored 

24 for historical rof'.*r*nce in ewee: .4M0.1 wir.fc e#ich v/orxpiece 

25 produced 

26 Figure o illustriras an arra**i\j-s -»•.•; it in *h Loh single robot 

27 aanipulator 118 hr.s a scanning g^ji**--? : asei g»iierac-:*r x20 and a 

28 scoring laser 12^ both counter! TCjMr€crj. TMr ^rranoGL-n^. allows 

29 the scanning of the tr<-jr pattsr^ 1 , sah;Wiaenl*. scaring with 

30 a single robot such a& tc carry ou": i-.jH". sc^r/unq and scsrin^ in a 
21 & ngle station, eliaan^ng t.e*<i ?cr sirfPdli^r cf . tt workpiece 
32 and fixturing from station co si^ticr, .t-£ the pc^c : c> locate 
3? and recaiibrata as each fixture it ad-c-^ /t-j* stc ci:^ vo stition. 
34 J 1 Figure this concept is ^rrieu cr>^ step /u^t r er ir which 

31 a robe.: v. r*ipcl/i* rr 324 has ettac-vao j ;i"rxe--: \n 1 --car. \?n<j laser 
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1 ganarator 126. a Iimt scoring ganarato* 128 and a post process 

2 scanning lasax ganarator 130 so that all thraa staps can ba carriad 

3 out in a sing la pass with a singla stipulator and at a singla 

4 station. 
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1. Apparatus for precision scoring of a wor, ,>iece to 
praweaken Mid workplace in a pattern, aaid apparatus comprising: 

sjnsor atans for sensing tha thickness of aaid vorJcpiaca at 
points along aaid predetermined pattarn and generating a aat of 
stored data correspond ing to valuas of said sensed workpiece 
thickness at said points along said pattarn; 

a scoring lasar for generating a laser bean capable of scorir.- 
a surface of said workplace; 

motion controller means for causing said laser bean to trace 
said workplace surface along aaid pattern; and, 

laser control aeans for controlling the degree of scoring of 
said workplace surface at points along said pattern as said laser 
beam traces said pattern in correspondence with said sat of stored 
data generated by said sensor aeans so as to score said workpiece 
in said pattern to a controlled extent along said pattern. 

2. The apparatus according to claim l wherein said laser 
control aeana controls said lasar beam so as to vary the depth of 
scoring of said workpiece to produce a controlled remaining 
thickness of said workpieca along said scoring pattern. 

3. Tne apparatus according to claim 1 wherein s. -d laser 
control means controls the power intensity of said laser beam to 
vary the . extant of workpiece scoring. 

4. The apparatus according to claim l wherein said laser 
control aeans varies the velocity with which said scoring laser 
beaa traces said pattern to control the e:ctent of scoring of said 
workpiece . 

5. The apparatus according to claiic l wherein said laser 
control aeans controls the depth location of a focal point of said 
laser beam relative said workpiece surfaco to be traced try said 
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- scoring laser beam* 

6. The apparatus according to claim 3 wherein said laser 
control eeans includes stored power intensity values predetermined 
to produce a corresponding extent of scoring, and said power 
intensity values are set in correspondence with said sensed 
workplace thickness values to produce a desired thickness of 
material remaining after scoring. 

7. The apparatus according to claim 1 wherein said sensor 
means includes a first sensor detecting the location of said 
workpiece scored surface at points along said pattern and 
generating a corresponding set of stored signals. 

8. The apparatus according to claim 7 wherein said sensor 
means further includes a second sensor detecting th<~ location of a 
surface of said workpiece opposite said scored surface at points 
along said traced patterns, and generating a corresponding set of 
stored signals, and wherein said sensor means combines said stored 
signals of said first and second sensors to determine said 
thickness, of said workpiece at points along said patten, to be 
traced . 

9. The apparatus according to claim 8 wherein said first and 
second sensors are connected together and wherein said sensor means 
includes means driving said first and second sensors together to 
scan said workpiece along said pattern to be traced by said scoring 
laser beam. 

10. The apparatus according to claim 7 wherein said first 
sensor comprises a laser gaging sensor generating a gaging laser 
beam tracing said workpiece surface in said predetermined pattern 
prior to scoring of said surface by said scoring laser beaa. 
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11. The apparatus according to claim 8 whsrein said first 
seneor comprises a laaar sensor generating a gaging laser beam 
tracing said workplace surface in aaid predetermined pattern prior 
to scoring of said surface by aaid scoring sensor, and said second 
sensor comprises a second laser sensor generating a gaging laser 
beam tracing aaid opposite workplace surface in said predetermined 
pattern . 

12 . The t -paratus according to claim 1 wherein said sensor 
means includea a sensor carried by said motion control means for 
aaid acoring laser to scan said workplace surface in said pattern 
just prior to scoring by said scoring laser beam. 

13 . The apparatus according to claim 1 wherein said apparatus 
further includes a first station whereat said workplace is scanned 
by said sensor means and a second station in a second position, 
whereat said workplace surface is scored by said scoring laser beam 
and also includes means for shifting said workplace from said first 
to said second station. 

14. The apparatus according to claim 12 further including 
post scoring sensor means carried by said motion control means for 
scanning said acoring carried out by said scoring laser beam and 
generating a stored sat of corresponding signals. 

15. The apparatus according to claim 7 wherein said apparatus 
further includes a workplace fixture having a locating surface 
receiving a surface of said workplace opposite said surface to be 
scored, and wherein said sensor means includea detector means for 
detecting the location of said fixture surface at points along said 
pattern to be acored and generating a stored set of corresponding 
signals . 

16. The apparatus according to claim 15 further including 
means for pressing said workplace against said fixture locating 
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surface. 



17. A aethod for precision scoring a surface of a vorkpiece 
to preveaJcen said vorkpiece in a predetermined pattern, said aethod 
comprising the steps of: 

sensing the thickness of said vorkpiece at points along said 
predetermined pattern and generating a set of stored data 
corresponding to values of the thickness of said vorkpiece sensed 
at said points along said pattern; 

generating a laser scoring beaa capable of scoring said 
surface of said vorkpiece; 

causing said laser bean to trace said vorkpiece surface along 
said pattern; and, 

controlling the scoring effect of said laser beaa so as to 
vary the degree of scoring of said vorkpiece surface at points 
along said pattern as said laser bean traces said pattern in 
correspondence with said set of stored signals generated during 
said sensing step so as to score said vorkpiece in said 
predetermined pattern to a controlled extent at points along said 
pattern corresponding to said vorkpiece thickness at each of said 
points. 

ie . The aethod according to claia 17 wherein in said step of 
controlling the scoring effect of said laser bean, the depth of 
scoring of said vorkpiece is varied so as to produce a 
substantially controlled remaining thickness of said workplace 
along paid scoring pattern. 

19. The aethod according to claia 17 vherein said step of 
controlling said laser beaa includes the step of varying the power 
intensity of said laser beaa to vary the extent of vorkpiece 
scoring. 

20. The aethod according to claia 1? wherein the step of 
controlling the scoring effect of said laser beam includes the step 
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of varying the velocity with which said scoring laser beam is 
caused to trace said pattern to thereby control the extent of 
scoring of said workpiece. 

21. The aethod according to claia 17 wherein the step of 
controlling the scoring effect of said laser beaa includes the step 
of varying the depth location of a focal point of said laser bean 
relative to said workpiece surface to be traced by said scoring 
laser beaa. 

22. The aethod according to claia 19 wherein said step of 
controlling the scoring effect of said laser bean includes the 
steps of generating a set of power intensity values predetermined 
to produce a corresponding extent of scoring of the material of 
said workpiece, and setting said power intensity values in 
correspondence with s*id sensed workpiece thickness stored signal 
values. 

23. The aethod according to claia 17 wherein said sensing 
step includes the step of detecting the location of said workpiece 
surface at points along said pattern and generating a corresponding 
a*t of stored signals. 

24. The aethod according <r.o claia » era in said sensing 
step further includes the stepj of detecting the location of a 
surface of said workpiece opposite said scored surface at points 
along said traced patterns, and generating a corresponding set of 
stored signals, and combining said stored signals of said first and 
second sensors to deteraine aai.c thickness of aaid workpiece at 
points along said pat'cejm to be icorad. 

25. The aethod according ts> claia J4 *her*in aaid aethci 
includes the step of sowing the rhic.'creay of nny-a workpiece at 
each point in said pattern just fo^rore scoring vorkpiece at 

said point. 
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26. The method according to claim 23 wherein said sensing 
step includes the step of generating a gaging laser beam and 
scanning said vorlcplece surface along said predetermined pattern 
prior to scoring of said surface by said scoring laser bean. 

27. The Mthod according to claim 24 wherein said sensing 
step comprises the step of generating a gaging laser beam and 
tracing said workplace surface in said predetermined pattern prior 
to scoring of said surface by said scoring sensor, and generating 
a second gaging laser beam tracing said opposite vorlcplece surface 
in said predetermined pattern. 

28. The method according to claim 17 wherein said sensing 
step includes the s ep of mounting a sensor carried with said 
scoring laser so as to scan said workplace surface in said pattern 
just prior to scoring by said scoring laser beam. 

29. The aethoa according to claim 17 further including the 
step ct shifting said vorkpiece between a first station whereat 
said workplace thicknesses are sensed and a second station in a 
second offset position, whereat said workplace surface is scored by 
said scoring laser beam. 

30. The method according to claim 17 further including the 
step of scanning said scored groove after said scoring is carried 
out by said scoring laser beam and generating a stored set of data 
corresponding to the degree of scoring* 

31. The method according to claim 23 further including the 
step of positioning said workplace in a workplace fixture having a 
locating surface against which is abutted a surface of said 
workpiece opposite said surface to be scored, and further including 
the step of detecting the location of said fixture surface at 
points along said pattern to be scored ajid generating a stored set 
of corresponding signals. 
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32. Thm ■ecnod according to clala 31 further including tjia 
stop of pressing Mid vorkpiaco against said fixture locating 
surface. 

33. The aetbod according to clein 17 wherein said workplace 
comprise* an intorior trim piece used to cover an air bag device, 
and aald scoring is used to pioweaXan said trim piece to enable 
formation of an air bag deployment opening. 

34. The product producsd by the method of claim 17. 
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